INTRODUCTION
The Oak Ridge National Laboratory (ORNL) Heat Pump Design Model is a FORTRAN IV computer program to simulate the steady-state performance of an electrically driven, air-to-air, heat pump.
It has been the subject of reports by Ellison and Creswick,l Rice et al., 2 Rice and Fischer,3 and Fischer and Rice.4, 5 The program has undergone important revisions since the users' manual was first published in 1981 and revised in 1983 (ref. 4) .
These modifications had been documented for internal use, 6 but because of extensive and ongoing distribution of the program, this report was needed to serve as documentation more suitable for external distribution.
CHANGES IN THE HEAT PUMP MODEL Main Program
The DRIVER routine was improved by adding comments, removing outdated error messages, and improving the error message that is used when any of the three main program loops fail to converge. The evaporator air temperature convergence loop in the main program was improved so that it uses the most recent slope if the initial step size does not bracket a solution.
Compressor Routines
The major structural change to the program was to reformulate the sequence of the compressor calculations.
Previously, the user was required to make starting guesses for the saturation temperatures at the condenser inlet and evaporator exit and for the refrigerant mass flow rate.
The user also specified the low-side superheat at the evaporator exit.
The compressor subroutine then had to evaluate the conditions at the compressor inlet and exit, beginning with these initial estimates, by iteratively calculating the pressure and temperature changes in the connecting lines.
The revised version of the compressor model is based on conditions at the shell inlet and outlet, and the computations proceed outward to the heat exchangers.
This reformulation eliminated the costly iteration on conditions in the refrigerant lines and produced a faster-running code that gives the same results.
Starting guesses are now specified for the saturation temperatures at the compressor shell inlet and exit, and the superheat is now given at the compressor shell inlet.
An estimate of the refrigerant mass flow rate is no longer needed. The required evaporator exit superheat is computed in the compressor model and passed to the evaporator and thermostatic expansion valve (TXV) routines where it is used as described in ORNL/CON-80/R1 (ref. 4) .
The changes in the input data (e.g., the starting guesses) are reflected in the variable definitions contained in Appendix A.
Flow Control Models
The TXV model in the heat pump model was modified to correct some errors in the earlier releases and to make it more general. Equation 5 .6 in ORNL/CON-80/R1 (ref. 4 ) was found to be not general enough. The user is now required to specify the maximum effective superheat value (which had been computed by Eq. 5.6).
The TXV distributor information was modified so that the distributor tube length is now set in BLOCK DATA, rather than in the TXV routine.
The TXV routine was further modified to allow separate values to be built in for the sizes of the distributor nozzle for heating and cooling modes.
The previous release of the program did not account for the TXV bleed factor effects properly. For calculating flow through a given TXV, now Eq. 5.5 in ref. 4 
The new TXV equations account for the true displacement (slope and intercept) of the flow vs operating superheat curve with various bleed factors, as shown in Fig. 1 , rather than just giving a slope change around the static superheat intercept as was the case previously. The iterations on mass flow rate for the TXV now use a step size of 6, instead of 1.5, in the call from DRIVER. This was found to improve the TXV version running time. The TXV loop to update the refrigerant pressure entering the evaporator was found to be working incorrectly. This was fixed by setting the variable ITRPIE to 1 after statement number 560 in DRIVER.
Another change that was made as part of the efforts to validate the heat pump model was to extend the capillary tube correlations to handle two-phase refrigerant at the capillary tube inlet. The equations for this are based on an empirical fit to the capillary tube flow factor curves in the ASHRAE Handbook. 7 The only input definition change, besides the TXV maximum opening input involves suction line heat transfer.
We have found that the TXV iterations can become unstable sometimes with suction line heat transfer specified as a rate.
In the revised version, the user can specify a fixed suction line temperature rise by giving the negative of the desired value in place of the suction heat gain input on card 19.
This alternative input prevents the evaporator superheat from changing within the TXV mass flow iteration loop.
Contact Conductance
In the past, the contact conductance was computed just at the point of contact for uncollared fins in the heat exchangers. The heat transfer resistance equations in the heat exchanger models have been changed so that the contact conductance resistance is applied along the entire length of the tube, as would be appropriate for collared fins. Also, in the past, the user was required to specify values for the contact conductance, but now an algorithm is built into the program. This uses a correlation by Eckels in which the contact conductance is a function of the fin thickness, fin spacing, and the outside diameter of the tube.
The contact conductance for a wet coil is increased by a factor of 1.33 as suggested by Eckels.
Because we found that the heat transfer correlations already implicitly contain contact conductance effects, we are now recommending that the contact conductance equations added to the heat pump model be overridden by using a large multiplier, such as 100, for the appropriate input values on cards 13 and 17 of the new input data. We hope to eventually obtain some hdat transfer correlations with these effects separated, but until then use of the given contact conductance equations essentially amounts to counting these effects twice.
Refrigerant Property Calculations
This revised version of the heat pump model was used at ORNL to perform numerical optimizations of heat pump design for maximum seasonal performance. These studies required thousands of calls on the steadystate program; a quick check of the calculations showed that a great deal of the computer time was being spent in the refrigerant properties routines. Figures B.1 Though TSAT and SPVOL are very concise, efficient subroutines, they are called very often (see the figures in Appendix B for the hierarchies of subroutine calls). We found that a third to a half of the execution time for a heat pump simulation was spent in these two subroutines. In fact they are called frequently with identical values for the parameters as in the previous call.
A straightforward change was made to these two subroutines to save some of the effort that was being put into repetitive calls to them. The arguments, or parameters, that are used in calling the subroutines are compared with those used the last time that subroutine was called. If they are the same, the answer that was previously calculated is returned.
If they are different, the correct answers are calculated and saved for the next comparison, and these new answers are returned to the calling program. Although this is a "brute-force" way of eliminating repetitive calculations and does not save the overhead required in calling the subroutines, even so it reduces overall running time of the heat pump model by 30 to 40%.
These changes to TSAT and SPVOL were made by storing the old parameter values and old solutions in common blocks. Thereby, as "global" symbols, they would not be lost through any overlays or changes in numerical registers.
Initial values for these "past iteration" values are assigned in TABLES.
Subroutine TRIAL was also modified to replace a bisection convergence scheme with a more efficient root-finding program, ZEROON. This saved an additional 5 to 10% in computational time.
Air-Side Heat Transfer Coefficients
Next, the subroutine HAIR was modified slightly to better handle cases where the limits of the heat transfer correlation are exceeded. Previously, if the Reynolds number was outside of the range 3000 to 15,000, a warning was printed and either the lower limit of the range (if the Reynolds number was below 3000) or the upper limit was used to compute the air-side heat transfer coefficient.
The new version of HAIR uses the computed Reynolds number; it does not set the Reynolds number to one of the two limits.
This change to HAIR eliminates a discontinuity that had been introduced into the correlations. However, the change may also give unreasonable values for the air-side heat transfer coefficient, and therefore it is recommended that any results obtained using the correlations outside the proper range on the Reynolds number be used with caution. The warning message is still given to alert the user to this possibility.
Evaporator Iterations
The iterative calculations in the evaporator subroutine, EVAPR, occasionally had difficulty converging on the specified level of superheat. The logic structure of these computations was modified to alleviate, if not eliminate altogether, this difficulty.
Changes to Common Blocks
Changes were also made to a number of common blocks.
PRNT8 was eliminated altogether, and the variables that had been stored in it have been split between two new common blocks, MAINVL and FANMOD. BLANK COMMON, which had contained TITLE; DDUCT, and FIXCAP, was replaced by a common block named TITLE, containing the array TITLE; DDUCT was moved to common block AIR; and FIXCAP was moved to MAINVL.
Input Data
The input data for the heat pump model were left relatively unchanged, but they were reorganized to get a more logical grouping of variables. The new order of input data is described in Appendix A.
The input routine DATAIN was also modified to include data that will be used when a charge inventory model is included in the heat pump model. This version of the code does not include the charge calculations; it merely provides a structure for the input that will be required later.
These changes in the input data are described in Appendix A so that a different data file format for the charge inventory version currently under development at ORNL would not be required later.
Work in validating the heat pump model with laboratory data convinced us that it would be useful to be able to specify measured fan powers directly, as an alternative, rather than always calculating them. Otherwise, all the computations are interwoven and it is tedious to correct heat exchanger capacities for fan power differences when one is studying agreement with experimental data. Also the limitations of the fan and air-side pressure drop models sometimes make overriding with direct fan power values preferable. The revised version of the model permits the fan powers to be specified through the fan efficiency variables as described in Appendix A.
Output Routines WRITE statements and FORMATS were changed throughout the program so that the printed output would be more useful (especially for diagnostic cases where LPRINT>2).
Subroutines SUMCAL and SUMPRT have been added to the heat pump model.
They replace summary calculations and output functions that previously were done in the main program.
SUMCAL is called from the main program DRIVER at the end of each loop of the iteration on the evaporator inlet air temperature. It is used to compute the steady-state heat pump capacity, the coefficient of performance (COP), and the energy efficiency ratio (EER) (in cooling mode), as well as the system performance values, including backup resistance heat required to meet an optional user-specified house load.
Energy input values are also converted to watts to be transferred to SUMPRT. Two new common blocks, MAINVL and WATTS, were set up to contain all the primary performance values that are transferred to SUMPRT. These common blocks will also be used to transfer steadystate performance data to other driving programs [such as the ORNL Annual Performance Factor (APF)/Loads Model] that might invoke the steady-state program.
SUMPRT is used to print a one-page summary of the steady-state performance. It is called from DRIVER if the print control variable LPRINT is not equal to 1 and from OUTPUT if LPRINT is equal to 1. This is shown in Fig. B.3 . The information printed by SUMPRT includes: * a summary of the inlet-air and compressor-saturated refrigerant temperatures, * an energy input summary, * a refrigerant-side summary, * an energy output summary, and * heat pump and system (i.e., with backup heat) performance values.
This information is presented in a more concise, readable form than was the case in earlier releases of the model.
PROGRAM DISTRIBUTION
The ORNL heat pump model is available, free of charge, for use on mainframe and microcomputers. It is distributed on either a 9-track, 1600-bpi magnetic tape or on four dual-sided double-density floppy disks. The microcomputer or personal computer version of the program is identical to the mainframe version, with a few minor exceptions. (All common blocks were removed to a single filt and INCLUDE statements are used in their place in each subroutine.)
The personal computer version was developed using IBM Professional FORTRAN, which requires that the computer have a math coprocessor (either the 8087 or 80287).
The program will run on a floppy-disk-based IBM PC or PC compatible computer, but a hard disk is necessary for modifying and relinking the FORTRAN code. The object module library that is used is a very large file and fills more than half of a floppy disk.
The MS-DOS utility for maintaining object file libraries, LIB, automatically makes a backup file each time the library is updated.
It is not possible to do this with the heat pump model using a floppy disk because there is not enough space on the disk for the backup file.
Subroutines have been added to the personal computer version of the code to sketch a rough "schematic" of the refrigerant loop on the monitor screen and to label symbols for the compressor and heat exchangers with input and output data. This is in addition to the standard printed output.
FUTURE PROGRAM MODIFICATIONS
Current program logic is shown in Fig. 2 . Work is progressing on adding charge inventory calculations to the Mark III version of the program. That logic will follow the logic shown in Fig. 3 . ,Some planned improvements to the fan models, new reversing valve models, better 
